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.0 INTRODUCTION

Astromctric  moclels  of the 3 Pholms Orbiter W cameras, thcix pointing in inertial
space, the ]Josition of the Phobos  Orbiter with rcs]mct  to Mars, Phobos and Dcimos,  and
transforn~ations  from inertial to bc)dy-fixcxl  coorclinatcx arc Imcded  to transform Lmtwcel]
tl]c inmgc coordinates c)f a picture clcmcnt  (“pixel”) and coorclina.tcs  in otl]cr inertial or
bcxly-fixed systems (Figure 1). Examples of such transformations include determining the
vector normal to the surface of Pl]obos  at s~)ccific  pixels to colnputc  ])hotometric  scattering
properties of the Phobos  surface, and determining the inertial direction to tl]c ccl]tcr of
I’l)obos fcm Navigation.

~’llis Scctioll provides the a.stromctric  models ancl transfor]nation  matrices nccdcd  for
geometric calculations associated with the T17 images. TIIC parameter values c)f these
mc)dc]s arc given for each camera, as arc the various position vectors and tral]sformation
a]lglcs  for each picture. Aclditionall y, the spaccc.raft-ccntcrcd,  inertial angles of ]’hobos
a]]cl Dcimos,  used for orbital dyna]nics  and ]lavigation studies, arc given.

2.0 lUI;II’EIU2NCE SYSTEMS

There arc four major rcfcrcncc  systc~ns  needed in clcvcloping  the astromctric  models
of the TV camera system, enabling onc to transform from image coordirlatcs  to other
cocmdi]latc  systems of interest. These rcfcrcllcc  systc]ns arc:

1.

2.

3.

4.

3.0

tm,

the inertia] Earth Mean Equator and Equinox of I]cssclian 1950.0 (X~~ and referred
tc) as 131950- Figure 2.) which is used to dcfillc the s])acccraft ~)ositicm, the Pllobos
Orbiter attitude, the TV camera pointing, and the oric]ltations  of Mars and Phobos;

the Orbiter-fixed 5i~z systcm which is used to dcfixlc tllc spacecraft attitude, and to
dcfilic  tl]c alignment of the TV cameras;

tl]c TV ca]ncra-fixed  Iimi systcm which is used to define carncra  pointing  a]]d ixnage
coordinates; a,lld

the body-fixed rcfcrencc  systems of Mars and Phobos  which arc USCC1  to clcfhlc their
surface coordinates.

The details of these rcfcrcnces  systems arc given in the following sections.

IN ER!!I AI. CO OIU31NATES

The D1950 rcfcrc]]cc  frame was used by the Ilabakin Center, the Flight Co]~trol  CcI~-
and the Kclclish  Institute of Appliccl Matl]cmatics  in computixig the ]’hobos  Orbiter

trajectory, the Phobos  and Dcimos  cphcmcrides,  carncra pointing and the Mars and l’ho-
bos orientations over tirnc. As seen ill Figure 2, the vectors i, s and t in 111950 define the
position of the }’hobos  Orbiter, the position of I’hobos or Dcimos  relative to Mars, and
tllc position of Phobos or I)cimos  relative to the Phobos  Orbiter, These position vectors
have tlJC form

t== s-r=
L Sz

(1)
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where tX,  i}~, fZ arc the position components of t along the 131950 cc)orc]inatc  axes XYZ.

4.0 TV POINTING

Tllc pointing and orientation of each camera in 111950 is defined by the 3x3, unit]css,
rotation ]natrix ‘J’~,17  which is usccl to transform a vector from inertial III 950 coordixla.tcs
tc) TV camera-fixccl ll~iii coordinates. ‘1’$~, is cxprcsscd  in terms of the a@cs al, and 61,
dcfiuillg  the right asccnsiol] and declination of a camera o~)tical axis in
allglc Kp clcfining  the orientation of the picture as

[

73] 1;2 7:3
T;q,, =- [K1,]3 [90 -- 6,)], [90 -i cY,)]3  = z’>~ 7~2 &

T3] 7j2 7’33

11950, and tllc

(2)

wl]crc tllc form (O]i rcprescllts tllc following rc)tatioll  matrices for i = 1,2,3

‘o]]+ :~::~ :id ‘0]2= [:: ~ ‘::1
and

[6]3 =

[-’F ‘? 1
From ccluaticm  2,

a,, = tan-) (T,,/T,,  ) (3)

61, = sin-  ]  (7i3) (4)

Kp =- tan- ‘(qj3/T23) (5)

5.0 TV CAMERA C O O R D I N A T E S

‘1’hc three orbiter TV cameras, mountccl side-by-side as shown in Figure 3, utilized
CCD  detectors and short focal length, refractor optics, The active image areas of the CC!DS
arc 6.9 x 9.1 mm and yield 21.2 x 27.9 dcg fields-of-view for the 2 wide angle cameras anti
a 4. I x 5.2 dcg ficlcl-of-view for the narrow angle camera. The cameras WCIC hard mounted
tc) the spacecraft with their optical axes borcsightcd,

To dcfhc the geometry associated with imaging data, a camera-fixed Iiliil coordinate
systcm (Figures 1 and 4 ) is defined for each camera with 1 along the optical axis, li~ ill
tllc direction of incrcasixig  sample number, and i] compacting the ortl]ogonal,  right- hanclccl
systcm and is in the direction of increasing lixlc number. ‘1’hc origins of Iiliil arc at the
o~)tical principal points of ca.ch camera, assumccl to bc at the central pixel.

A spacecraft-ccntcrcd, vector ~) in camera-fixed coordinates is obtained by tralisfornl-
illg a]] inertial vector t in B1950 (cqn. I ) to )i~iii  usi~lg the transformation matrix T~l,
(C!C]I1.  2) by

“= [:1= “;’” El ‘- “;’ ‘G)
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Wllcxc! pt)l , ]),,,  ])/ al-c the  vc!ctc)x coln~mnc]lts  of l) alo]lg tllc liliil axes. ‘1’llC x,y mIn

coordinates 0]] the CCD  detector, associated wit]]  j) in lilhl, arc givcm by

(’i’)

wllcrc f is the camera focal lcl@h (Inm).

I’;quation  7 assumes that the origin of liliil  is at the optical pxincilml point (ccntra]
l)ixcl)  and that tllcrc arc no o~)tical clistortions.

‘1’hc image coordinates (s for sample nulnbcr  allcl 1 for line nuInbcr)  witl)i~l  a ~)icturc
associa.  tcxl with tllc x, y nlln coorclina.te.s  am givcl~ by tllc followil]g  cx~nxxsion

(8)

w}]~~~ tl,~ ~,~~1,1 1{8* has mlits of salnplcs/mln,  K/y has units c)f lines/nml, allcl so, 10 is the
ilnagc location corresponding to tllc origin of ]T~fil. The lc)cation  utlccrtainty  of any ~)ixc.1
wit]]i]l  a CC]) detector is + 0.001 ]nln or about  0,05 pixels.

Thcrcforc,  tllc combination c)f equations 1-8 allows onc to take an inertia] vector in
111950 a]ld c.cnn~)ute  the assoc,iatcd  samp]c and lillc cocndillatm  within an image. ‘1’llc ]Icxt
section gives the rcvcrsc  transformation.

Given the s, 1 inmgc location of the Phc)bos  or Dcimos  ccntcr-of-figure or any otllcr
l)ixcl of intcmst,  the illcrtial dircctio]] of a vector assc)ciatcd  with that image location
call bc computecl by going  though the rcwcrsc  of cquatiolls 1-8. This process involves
ccnnputi]lg tllc x, y mm coordinates of tile s, 1 cc)ordinatcs,  computing the carncra-fixed ~J
vector associated with x, y, computing the inertial vector ~ from ~), and then computing
tllc right asccnsicm and declination of the { vector.

First, tllc x, y mm coordinates arc computed from tllc inverse of ccpation  8

k] ‘ [ 1

(-s -- !sc))/K$=
(/ -- lo)/K/v

Using the values  of z, y and the camera focal length J

2$2
~,,,  =- -.-. —

f

(9)

(10)

y+2
fir, == ---

f

+[ == (1 + X’/j’ + y’/.)’+-+
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alIcl iJIc unit vector { is
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(13)

(14)

a’~ =“ tall- ] (i,+!x) (15)

6* = sin” ‘ ( {Z ) (16)

wl]crc c~l, d~ arc the inertial coordillatcs  of rigl]t asccllsioll and declination ili 1)1950  as-
sociated with the s, 1 ixnagc coordinates. TIIC at,  &f coordinates can bc considered as
astrolnctric  (FK-4  ) position angles in ~1950  sillc.c  tllc cflccts  of stellar  allcl elliptic aberra-
tion arc far bc]ow  the angular resolution of cvcll the narrow al)glc camera (W 1 arc-mill)
and tllc o~tc-way  light time to h4ars, PhoLos  and I)cilnos  arc much ICSS than 1 scconcl.

7.0 IIODY-FIXED COORDINATES

‘1’hc orientation of a p]anctary  body in illcrtial space is clcfh}cxl  by the right asccnsiox],
0/,, a]ld dcclillatioll,  ti~, of its instantaneous s~)in axis‘, and its prixnc meridian miglc, U’
(Davies, CL al. 1 983). ‘1’hc 3x3, unitlcss rotation matrix T~)~ from inertia B1950 to a
body-fixed coorc]inatc  systcm has the exact same forln as CCII].  2 ancl is given by

T;3fi. == [W], [90 -- 6~]1 [90 + ab]~ (17)

Givc]l the spacecraft event time of the TV exposure mid-point in Julian Ephemeris Date,
the m]glcs  ~~, ti~,  and W arc computed in units of dcgrccs  from

o’~ = 317.342 - O.1O8T (18)

& = 52.713 - 0.0617’ (19)

~~b = 11.504 + 350.8919830d (20)

WI IC1’C

d =- Julian Ephemeris Date – 2433282,5 Julian days past 111950 (21)

al 1 c1
T =  d/36525 Julizul Centuries ~)ast D] 950 (22)
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l“or  I’llobos:

a~ =- 317.31 - O.1OW’ -1 1 .79 sin A’

15~ = 52.70 - O,OG1 - 1,08 C.os 1{

W[, z: 270.23 -I 1128.844479d -1 0.6644 x 10 - 8d2 -- 1.42 sill]{

Wllcrc
A’ = 207.34 - 0.435764d

and
Q  == 8S.80 -1 1128.409G70d i 0.6644 X  10-s(12

For l)cimos:

~b = 316.29 – 0.1082’ s 2.98 sin K

& = 53.33 - 0.0617’ - 1.78 C.OSK

(23)

(24)

- 0.13 sin Q (25)

(26)

(27)

(28)

(29)

WL =- 69.97 + 285.1 G1903d - 0.3901 x 1 0- ‘d2 - 2.39 sin K + 0.27 sin(K-225) (30)

wl]crc
K =- 2 4 . 6 3  - -  0.018151d (31)

A lmint ml the surface of Nflars, Pl]c)bcE and Dcimos  is dcfillcd  by its body-fixed,
cartop;  ra]hic latitude #~, longitude A (positive west), mid its bc~cly-centered radius u, This
surface point can then bc transformed from body -flxcd  c,oordinatcs to a body-c.entered,
inertia] vector i] ill IJ 1950 coordinates using

[ 1Cos ~) Cos A
i] == (32)‘l’~Fu – cos @sin A

sin #

Wl)crc ‘1 J‘})}” is the transpose of ‘T~ll,T in equation 17 which is cwaluatccl  at the nlid-~)oillt
of the cxposum  for the planetary bocly of interest. This vector il can be translated from
bod y-ccj~tcrcxl to tl)c spacecraft ccntcr  and transformed into TV camera-fixed coordinates
using

p =: T;,,,  (t + ii) (33)

Equations 7 and 8 can then bc used to conl~)utc  tllc image coordinates associated with t}~c
body-fixed point 0]1 the surface of h4ars, Pl]obos  or I)cimos.

8 .0  ‘1’V  MO131GI, AND ANGI.E VALU~~;S

‘1’able 1 lists tllc parameter values a.ssociatcd  wit}l  the mtromctric  models of tllc caln-
Cras. ‘J’l]csc values  were originally cletcrmillcd from grouncl  calibrations. However, flight
ilnagcs of Dcimos,  Jupiter atld a 1st magnitude star (Aldcbarall) were used to check the



●
9’V Models - 6

wide-ang]c camera fc)cal  lengths. These pic.tums showed that the Channel 3 focal length
was 0.18 mm longer than nominal and causml its pictures to bc slightly cmt-of-focus,

All 3 CCD’S  prcduccd  raw images where the pixels were not square! (O. 18 x 0.24 mIn )
al]d had an aspect ration of 3:4. Proccssd  i:nagcs wc!rc  clcrivcd  from the raw images tc)
l]avc scplarc  ~)ixcls  (0.024 x 0.024 mm) givilg a 1:1 as]mct ratio as illdicatccl by tile values
of l{~a ancl I{]Y having the salnc value ill Table 1 for tllc processed images.

111 q’ablcs 2-5, “PICNO” is USCC1 to identify each image, and “SAT” is used to identify
the principal planetary bcdy imaged in the picture, PICNO  has the forln DI)DNNIVC
w}]crc 1)1>1) indicates the Immbcr of clays  after launch, ATNN  rclmscnts  the pic.turc  numlxr
(001 - OIL)  taken o,, clay 1)1)1), and C represents tllc TV Channel ID (C = 1,2 or 3). SAT
is “I’” for Pl]obos,  “D” for ])cimos,  ancl “M” for Mars. AdditioIlally,  all ~}ositioll  vcciors
l]avc units of km and all angles have units of dcg, witli 111950 being used as the inertial
]C!fcrcxlcc  Syst Cln .

q’able 2 lists the camera ]minting angles (ckl), 6}), Kr, .) as thq were derived from tclcmcv
tercxl  lncrtia] Mcmsurcmcnt  Unit (IMU) data of the orbiters” attitude. ‘1’hesc  a.])glcs  llavc
al) accuracy c)f about 3 arc-lniu (1 CJ). Aclditional pointing allgles  arc listccl  wllicll were dc.-
rivcd from registering the obscrvccl image locaticms  of Mars and Phobos  limbs, Mars and
I’11oIJcx lallcllnarks,  and tl~c ccntcrs of the nca.r pc)int scmrcc images of Jupiter, Dcimos  and
a few stars tc) their computed directions ill inertial s~)ac.c. ‘1’his rcgistcrccl set of pointing
allglcs lIas absorbed not cml.y  pc)inting  errors, but, also trajcc,t,ory  errors, satellite cpllcmcris
curcmi,  cell  tcr-of-lnass  ofrscts from ccllt cr-of-figure, ct c.

‘1’able 3 lists the ~~ositioxl  vectors of tllc Orbitcr  wit]l respect to Mars (VX, ry, Tz),  of
l’]lobos  or I)cimos  with respect to tllc Orbiter (iX, i?},, iz), ancl of tllc Su]] with rcsl)cct
to 0rbit4cr (Sunx,  SunY,  SunZ). These arc “true” position vectors with the effects of
1-way light time a~ld stellar abcrratioxl  ignored. The use of these vectors with the set of
rcgistcrcd  ~~ointillg  angles allows one tc) transfor~n  accurately bctwccll  image coordinates
iil]d the il]crtial Ill 950 coordinate system.

Table 4 lists the po]c  and prime meridia]] ang]cs of Mars  (a~or~,  6A4arS, WMar S) and
of Phobos cm r~cin~os  (@SA~>, 6SA~,,  WSA~I).  For the two pictures where SAT = M, the pole
and prime mcridia.n  angles of Phobos  arc given. These values represent tllc cvaluatiou  of
cc~uations  18 - 31 at the tilncs of each picture. The  use of these allglcs with the vectors
and angles  in tl~c previous two g’ablcs allows one to tral~sform a,ccuratcly  bctvvccn  image
cc)ordi]latcs ancl the bocly-fixed coordinates of Mars, Phobos ancl DciInos.

l’able 5 lists the the spacecraft timetag (JED - Julian Ephemeris Date),  the inertial
ang;]cs  of Phobos  c~r Dcimos  (at, 6i ) for tllc TV images taken clurixlg  the Mars orbital
mission phase, and the 1 sigma ullccrtaint,y  (a) of the inertial angles (Kolyuka,  ct. al.
1991 ). ‘1’I]c level of accuracy associated with these  inertial aIlglcs illcrcascs  w]]cn Mars
limb or laxldmarks,  Jupiter, or stay ilnages were available ill the pictures tc) inll)rovc the
inertia] camera pointing derived from the telemetered I MU data.
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I’igure Captions

. .

k’ig;urc  1. !I’V, Celestial, lncrtial  and Dody-fixed Coordinate Systems

Figure  2. Phobos Orbiter ‘lMcvision  Camera System

k’igurc! 3. The  Mars-ccntcrcd,  D1950 Inertial  Coordinate Systcm

Figure  4. TV Image Coordinates
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Table  1. Phobos  Orbiter 2 ‘1’clevision Camera Parameters

l{aw lmagcs:

.f
I{.*
l{ly

.~ o
,
10

]’roccssccl  Images:

f
3’(8,
Ii’/y

l.--. ____________________ so
10

bIllCI’a ]

18.500
55.556
41.667

253.000
144.500

18.500
55.556
55.556

253.000
192.500

—

caIncIa 2

100.000
55.556
41.667

253.000
144.500

100.000
55.556
55.55G

253.000
192.500

‘“(kmma 3-

18.683
55.556
41.667

253.000
144.500

18.683
55.556
55.556

253.000
192.500
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1’ICNO
2230011
2230022
2230033
2230041
2230052
2230063
2230071
2230082
2290011
2290022
2290033
2290041
2290052
2290063
2290071
2290082
2290093
2290101
2290112
2290123
2290143
2290153
2300012
2300021
2300033
2300042
2300051
2300063
2300072
2300081
2300093
2300102
2300111
2300123
2300132
2300141
2300153
2550012
2550021
2550033
2550042
2550051
2550063
2550072
2550081
2550093
2550102
2550111
2550132
2550141
2550153

SAT
1’
1’
}’
])

1’
1’
1’
1’
1)
1)
1)
1)
1)
1)
1)
1)
1)
1)
1)
1)
M
M
}’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
],

J’
1’
1’
)’
1’
1’
1’
1’

0 0
lablc4, S]~in A x i s  and Prime Meridian Ang]es

cY~f~r3

317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317<639
317.639
317.639
317.639
317.639
317.639
317.639
317.639
317,639
317.639
317.639
317.639
317.639
317.638
317,638
317,638
317.638
317.638
317.638
317.638
317.638
317.638
317.638
317.638
317.638
317.638
317.63$

C$hfar.

52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862
52.862

LVM .,.

11~.908
113.204
113.510
118.986
119.291
119.596
125.081
125.378
74.092
74.388
74.685
75.783
76.089
76.385
77.484
77.789
78.086
79.186
79.498
79795

82.908
83.213
55.230
55.527
55.832
58.875
59.181
59.486
62.538
62.843
63.148
69.845
70.150
70.456
74.720
75.016
75.322

133.922
134.219
134.524
138.797
139.093
139.399
143.663
143.968
144.273
148.537
148.842
153.447
153.708
154.013

(Y.$A1$
319.144 “
319.144
319.144
319.144
319.144
319.144
319.144
319.144
318.688
318.688
318.688
318.688
318.688
318.688
318.688
318.688
318.688
318.688
318.688
318.688
319.152
319.152
3]9. ]53

319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.153
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144
319.144

~SAT
52.862
52.862
52.862
52.862
52.862
52.862
52.861
52.861
54.455
54.455
54.455
54.455
54.455
54.455
54.455
54.455
54.455
54.455
54.455
54.455
52.812
52.812
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.804
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599
52.599

_-!!!!?4z ---
22.723
23.681
24.667
42.395
43.385
44.375
62.197
63.161

175.807
176.048
176.288
177.181
177.429
177.G70
178.563
178.811
179.052
179.947
180.200
180.441
35.127
36.116
24.179
25.136
26.122
35.962
36.950
37.938
47.831
48.822
49.812
71.5$37
72.580
73.575
87.470
88.43”/
89.432

352.905
353.852
354.828

8.514
9.466

10.445
24.154
25.137
26.120
39.880
40.866
55.774
56.623
57.613
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Tal)k 5. Astromdric Angles

I’iCNO—.
2230011
2230022
2230033
2230041
2230052
2230063
2230071
2230082
2290011
2290033
2290041
2290063
2290071
2290093
2290101
2290123
2300012
2300021
2300033
2300042
2300051
2300063
2300072
2300081
2300093
2300102
2300111
2300123
2300132
2300141
2300153
2550012
2550021
2550033
2550042
2550051
2550063
2550072
2550081
2550093
2550102
2550111
2550132
2550141
2550153

—.—.
SA~’

1’
1’
1’
1’
1’
P
p

1’
1)
1)
1)
1)
1)
1)
1)
1)
J’
1’
I’
I’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
1’
P
],

P
1’
r’
],

P
P
P
P
1’
I’
1’
I’

JII;I) -.
2447579.025093
2447579.025938
2447579.026807
2447579.042414
2447579.043284
2447579,044154
2447579.059785
2447579.060630
2447585.070212
2447585.071902
2447585.075033
2447585.076748
2447585.079879
2447585.081594
2447585.084731
2447585.086464
2447586.042416
2447586.043261
2447586.044131
2447586.052804
2447586.053674
2447586.054544
2447586.063242
2447586.064111
2447586.064981
2447586.084067
2447586.084937
2447586.085806
2447586.097959
2447586.098804
2447586.099673
2447610.889641
2447’610.890486
2447610.891356
2447610.903533
2447610.904378
2447610.905247
2447610.917400
2447610.918269
2447610.919139
2447610.931291
2447610.932161
2447610.945283
2447610.946028
2447610.946898

at
12.176
12.837
13.357
26.483
27.322
27,810
40.305
41.081
59.510
60.195
61.317
61.957
63.110
63.778
64.914
65.574

116.086
116.267
116.581
117.998
118.048
118.037
116,701
116.469
116.222
108.028
107.709
107.438
103.859
103.756
103.659
105,668
105.833
105.988
105.716
105.384
105.096
97.993
97.232
96.471
83.829
82.953
72.389
71.939
71.500

bt

-27.435
-27.156
-27.019
-20.816
-20,444
-20.153
-12.153
-11,614

7.918
8.334
9.235
9.624

10.479
10.893
11,709
12.104
27.766
27.447
27.205
24.491
24.043
23.713
20.327
19.914
19.598
13.675
13.459
13.382
13.602
13.581
)3.808
32.422
32.298
32.377
32.086
31.855
31.752
28.960
28.551
28.286
22.198
21,697
15.509
15.160
14,989. .——. —..___.

0:2 “–
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0.12
0.08
0.12
0,12
0.08
0.12
0.08
0.12
0.12—. .—
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18.5 mm TV CHANNELS
100 mm TV CHANNELS
SPECTROMETER CHANNEL H.R.

DIFFRACTION GRID
CCD’S
MIRROR
RADIATOR
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ALD OFFICE: TDO—0ss I—Tw._F P OTDA S s s
P E R I O D: —- TH R O U G H

1 ,  TR A V E L E R : Q& ~
SECTION: ? ~ L DATE(S): V& - /GII~Z

~, }!AS WVIVELER TAKEN/SCHEWLED ANY OTHER FOREIGN CONFERENCE TRAVEL  WI S CALENDAR Yl=Vl : PJU ~ YEs

cl)
D A T E:

E.STJNATION - cl~ g CWNTRy:  ‘+~&flv3& F&‘3*L
OSTDS CODE: (TDA ONLY)

4, Jf’L A C C O U N T  C O D E S ( S ) :  ~?o - ~ @ ~d-  o-3wa  TASK ORDER ~~, (s) :“
pm flCC’T CODE(S)

r-
2’ .

r,
\ “’
1-/,

i?!.

It

EST. TOTAL  C O S T  ( INCL,  S A L A R Y): 8 @
,. lfis ml s TRAvEL B E E N  P R E V I O U S L Y  F O R E C A S T E D ?  ~!O

YES V DA T E:
!~S SPONSOR APPROVAL BEEN OBTA1 FJED? (TAP ONLY) ~~0

YES d W=RBALLy7 LEUER/lw?‘ DA T E:
kJECT/PRWWpI NW: SZ4 -  G

ORG/FAC  IL IIY/PERSON  TO BE VIS I T E D :
(PRWWTWTIC TRAVEL ONLY) — .

1

~. PU R P O S E  O F  TRIP: ~&Cd ~ .
& LW & .——

●
~’=QG2!42&L4k & /4~.

t
HI. CO N F E R E N C E  8 SP O N S O R!

Ip.,
i

1-

(coNFERENcE TRAVEL  ONLY) —

TITLE OF PAPER:
ABSTR ACT ixJE DA TE :(CONFERENCE TRAVEL ONLY) ——

ExpuNATIm/JusTI F I~TI@!:
(PROGRAWIATIC OR CONFERENCE TRAVEL WERE NO PAPER IS PRE%ED)


